278

MAGNETIC ACTION OF COILS
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mutual energy and the action of one coil on the other can then
be calculated by considering separately each pair of single-layer
coils which can be formed by taking one layer in each coil. In
such an arrangement, however, as in all multiple layer coils, the
distribution of the wires would be in a certain extent uncertain, ^

We have now discussed for several different arrangements of
circuits the potential and force at different points in their lieide.
As a final example we shall take the important case of a simple
solenoid of uniform cross-section.

Such a solenoid may be defined as a tubular surface such, and
so placed with reference to a directing curve in space, that every^
normal plane drawn to the directing curve gives incurve of
section of the surface which is always of the" same form, and
makes with the point of intersection of the normal plane with
the directing curve always the same geometrical arrangement
or diagram. This directing curve is generally taken so that it
passes through the mean point or centroid of each section, and
it is then called the axis of the solenoid. The current in the
solenoid is supposed to flow at every point along the curve of
section at the point normal to the axis.

Such an arrangement is approximated to closely by a coil
consisting of a single layer of thin wire wound on the surface of
a core, so that the wire forms a helix of step equal to the thick-
ness of the wire. If the wire be thin the component of flow
parallel to the axis is very small in comparison with that at
right angles to the axis of the core, and may be neglected. It ft
effect may be annulled for points on the axis of a straight helix
of circular section, and for points at a distance from the helix
great in comparison with the radius of cross-section by bringing
the wire back from one end to the other along a generating lino-
of the cylindrical surface. If the wire be thin the effect of the
confinement of the current to the cross-section of the wire, and
its consequent want of uniformity of distribution over the sur-
face of the solenoid, may also be neglected for points without
and within at distances from the wire great in comparison with
its radius.

Considering then a pure solenoid, first of any form of cross-
section, but having its directing axis a complete circle, and in a
uniform medium which may be taken as of tinit magnetic
inductive capacity. (Fig. 62 shows a section of such a solenoid
by a plane through the circular axis, the dotted circle.) If r be
the radius of the circle formed by its axis, the length of the axis-
is STTT. Take any point within the solenoid and draw through
it a circle in a plane parallel to the circular axis, and symme-
trically situated with respect to its centre. Let H be the-ircuit from
